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INTRCDUCTION

Thermal radiation rosearch in the Department of Engineoring of the
University of Califernin at Zerkelsy has ambracod many phases of radiant
energy transfor. (Sea Gler{1939) and (1940); Boolter (1945); Thermal Radi-
ation Frojeoct (1948a,b,0), (194%9a,5,0) and (1950))

The 3ncw Charaotaristics Ressarch Contract No, DA-11-190-3NG<3, with ths
3Inow, Ico and Permafrost Ressarch Satablishment of the Corp2 of Enginesra of
the U,3, Army bezsan on Juns 27, 1952, The basio aotivities under this con-
tract ars as follewss

1. A study of the spactral ohurasteristiocs of wet and dry snew and ths
total emissivities and absorptivities of wet and dry snow for tsmperaturas
betwsan 0°C and -60°C,

2. A rslatsd investization; the study of the radiant characteristios
of varicus types of paints and materials whioh mizht be usad in arotio con-
ditions,

3. Detsrmination of oritsria for the 3elaction of matarials, coatings

ad olothing for arctic ocamouflage and for identification undar aretis whitse
out ocnditicns.

This report summarizss ths prograss which has bteen made in these activi-
ties to date, -

The report is dizided into sechions (ccr;;apc:dtng"to‘t§5 above - -
cbjsotives) discussing the various phasss of tns aotivily,

The following indisates the sactlons inoludsd in this rapor: togathar
with a short summary of sach section,

I, Spectral Reflectivity and Roflectance of Various Matarials

A, lHeated Cavity Reflectomater
This section is in rolation to item (2) under basic activitias
above and containg a doscription of tho heatod cavity roflectosatar

L3 *
a3 woll u3 spectral roflucrance data of matarials wntch can be
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2,
coated or painted on a oondustive surfase or, on the other hand,
matsrials which are conduotivs and have a fairly high tensile
strangth, The dissusaion rslates to iimibationa of the systam,
analysis of sevaral of the ourves, and sn exampla of how the data
oan ba utilizad,

B, Paraboloid Reflectcmetsr

The measursment of 3rectral refleotancs data with the hecated
oavity roaflacicmater is deaorited in seotion I-A. As ths brief
surmary indicates, thers is a limitation on the matarials which
can be tastad, The paraboloid raflesotcmetar will be duils to
perzit the measurszent of spe0tral refleotancs for materials othor
than those dasoribed abore. I:is saotion of the raport includes
a brisf desoription of ths rarahelcid raflactemetar which is now
being desizned,
Surface missizity at or Near Ambpisut Tomparaturs
A, The Two-Radicmeter Methcd

-This 3ection is in rclation o item (1) above -4 contain. a
desoription of the two-radlcmetsr mathcd for :oasu}ln; surface
smissivity of surfaces at or near ambiant temyersturs.. The measurs-
ment of emissivity at thess tamperaturss i3 difficult bvecauss the
eneréy enittad bty th; surfacs is low, The two-radicmetar method is
descrited and relsvant squations ar; prazonad, -
B, Emtasizity Mater

The two-radicmetsr method descritad in II-4 abovs is a labors-
tory instrumsnt. In order to permit fisld determination of emissivity,
the onissivity meter was dosignad, This is a portable instrument.
This ssction of tho raport deseribes the meter and prosonts the

relavant oquntions,




111, Treasmissivity and Absorptivity of Snow
A, Solarimetsr end Albedcister
This seotion of the rsport desoribes two devicss which ware
davalopad 4in the laboratory to msasurs the transmission and nlbe;o
¢l anox to solar radiation. Applicable aquations are inoludad apd

proliminary £iald data are disouased. Also dizcussed is the hole

offsct inhsrant in all masasursments of tranynission of anow,




I. SPSCTRAL REFLECTIVITY AND REFLECTANGE OF VARIOUS MATERIALS

A, Heated Cavity Refloctometer

Introduction = Spoonural raflactivity and reflectance data providas flaxi-

ble information for ths determination of tctal omias!vlty or adsorptivity. By
nurerically or msohanically intagrating the product of the sourss or surfass
spaotral ensrgzy distridution ourve and the spectral reflactizity or reaflsctance
of the surfacs, it 1s possidble to odtala the tptal roflectivitiss for matarials
when irradiatsad with diff;rant scurszes and, similarly, it is possidls to odtaln
total smissivitiss or absorptivitiss for the zatsrlal at various temparaturss,
(36 Aprendix I for furthsr analysis). This procedurs is limitad by the
spectral reglon coversd by the data, A% the praseat time, faollitiss ars a7ail-
abls for measursments in the 1.0 to 15;0 aioron region oaly. A General
Blaoctris Recording Specirophotemetsr will be availadls scon for measursments
tetwsen 0.4 and 1,0 mderea, A X3r prisa is deing obtained and this w#ill permit
the extszsicn of the infrared measursments frem 13,0 to approxizately 25.0
miorozs, It is more difficult to obdiaiz reliadle data in this latter regicn
sizce the enargy availadls is limitad by the maximun texperaturs atiainabls in
ths heated cavity (15¢0°7).

Ia addition to ths adove, the spectral data =ay ravesl the prassase of
distinet absorption dazds for the various =atarisla investizatad; ithis infore
mation may de useful ia 20aznsciica with certala dstaction aad sazouflags
pro\lszs,.as for instance, part (3) of our present ocntrao%.

Descripticn - Ths systsn used in thsso‘:nasurszsnt: i3 si=zilar to ths ons
praviously usad (Thermal Radiation Projec: 1949a azd 1950), howevsr, ssvseral
changses and modiflcations hars teen made that ars telievsd to ts rsfinements,
’It i3 telleved the revised systam will yisld mors nrecissa data.

The basic componanis of the experimental equipment are a hoatoed cavity
in which 13 placad a watar cooled 3ample and an ontical aystenm to direct the

miarcy lato an infrared moneceurcmater, For a siven wavalanith the onep-s
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lérlacted fr§£ tho sampls 13 comparsd to the snerzy emitted by tha cavity.
Tﬁs ratio-of the nat dafléctions of the recording ay:tam~is a diract measurs
of the spectral raflactivity or rofloctaﬁc§ (see Figurs I-A-1),

The cuvity is a section of 1/4" wall nicksl pipe, 4-1/2" 0.D, and approxi-
mataly 5-1/2" long. The bottom is 1/4" nicksl plato with a 6.875” to 1.20"
tapersd hols in ths cantar. The top is ccanstructad of two sections of the
same matsrial, pitchsd 79 from ths horisontal, One sids of the ridzed top
provides for inssrtion of ths sampls holdar, The'ontirs a3saonbly i3 joined
together by the ho}lsrc prcosss to galn strsngth -and %o odtain gced thermal _
oonductirity. The choloo of nicksel was made dacause of strasgih, thermal
conductivity and oxidation resistancs at high %tanmperaturss. Ths carity is
supportad in ths reflsctcmetar case dy thrie positloning rcds for ascurats
alizazent and rigid aupport, and 1s hsated by thrse separatsly ccnirolled
niohrome wirs wound heatsrs., Ths side hsalar ccnsista of two semi-oylindrisal
850-watt, 110-70lt "Esvi-Duiy" muffles oonnsoted ia series., The top and dottom
heatsrs are molded to conforam to ths cazily confizuraticn and oonsist of 22
gag9 Tophet A resistance wire exbedded ia Sausrisen No. 8 cement. Thess two
heatars are Rsld firaly against the oazity by the rock wool izsulaiizg =material

which fi1ls ths space teiwsen the heater-cariiy assambdly and the wasr ooolad

outsr oass,

The tamperaturs disiridbution of the caviiy is measured with four Chrenmsle
Aluzmel thermcacuplss pooésd to the outsids jurfacs of the caviiy wall. Cne
tharmoooupls 1s placed in ths region 7iewsd as the refsrense; another, measurss
the tsmperaturs in ths arsa oppositse the sampls, Ihe remalaing two are on
opposits sides of the cavily midway betwsen the top and bottem. The texmpera-
turs variation is mininlzad, by sontrol of the heaters, to a maximum of 10°F.
Yoat raflectance and refisctivity data worse taken with a 597 temporaturs wari-
atlon., The cavity was, therefore, approximately tsothermal ond this fact,
scmblinad ~lth the dimonalons delactad according to prascrihad srltarty (Pusloy

11‘-‘3-!) reltat fnoa aldts aperoanh fo flaal Hlaak bl rrlpat e,
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Thrae firat surface flat mirrors andAtwo first surfacs sphericél mirrors
with appropriatevshiﬁlding mako up the optical'systam which ¢collaots the
enarzy from ths raflactomatar and foouses it upbn tho antrance slits of the
Modsl 83 Parkin-Zlmer Monochremator (3as Figure I1-A-2), A watar coolad shisld
13 placed dirsctly talew tha cavity to pravant ensrzy enitted by the reflactem-
etsr oass from sniarizg ths measuring systm. An 1ris-diapﬂéagm-is usad as a
seoond shield amd is placed at the firat fcous, Both'shialds ars adjustadla
in thres dizensicns to insurs ccmplete alizmment, :

The output of the detaolor loscatad ia the monoohromator 1s amplifisd with
a Y¥cdsl 81 Psrlkin-3lmer A-C Axplifisr. The output of the amplifier is fad indo
a rssording potanticmesar,

A oheok cn ths aliznzent of the sntire systan i3 mads by sizhiing at ths

sample holdsr opening with the holdsr remored. A 1ero deflscticn on the

reacordsr indicatss the optical lins of sizht s passizg dirsotly through the

osntar of this opening, Ccmparisons arv also 2ads for diffsrant sanpls surfaces .

-

with data obtalned frem the litarature azd from pravious work (Ihermal Radlstion

Projact (1549a) and (1950)). ‘ L -

The sanple holder i3 nads up of tio ocrnosniris sooling- jaoksts, The
iansr Jackst aontalns a tute which dirscts a hizh velooldy stream of walter
dirsatly upon the bdack of the sampls dise. The outer ohszber ser7es to cool
ths saaple holder iiself and alds in the elixinaticn of adze hea scndustion
to the sample (ses Fl{zures I-A-3, 4). The temparsiure of ths sanpls diso has

been measured ssTeral tirmes azd found to be apprcximntliy 30°7 for a water

-
N

temperaturs of 63°F, Ths errors intrcducsd by this temparaturs rise are

discussed in Appendix I,

The sample diss itaelf s normally S0 aluplaua 0,030" thisk ard 7/8" in
diameter, The samplos ars punched oué, polished with a buffing wyeel And'th;‘
' Ld

thickneas of ovach i3 racorded, Tho paint cr cther coating i3 applied and the

sampla aaln measured in ordor to datarmine tha conting tnickania In Ui
1 IS e . Y t.n".

., T BN T Y v e . .. < ’ . o o . .
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of flat black paint is applied to the samplo disc. This black pnint adsords
the energy which would bo transmittod to tho polished aluminum, reflactad
and retransmitted :ato the optical esystsm piving erronsous readings. In
addition, various thicknesses of transmitting samples are run, until the
tranamission effact has been eliminated, The raflastivity of plastic matsrials
13 measured with a metal diso baoking ths sample to guard agalnst the posai-
bility that the plastio may soften and te punotursd by tha water jet.

As mentionsd praviously, the cavity has a ridzed top, tha two sections
ars inolined 7° from the horizontal, The sampls itself is viowsd at an angle
5° from i3 normal., Conssquently, the raflsotonetar oase must tilt & 12°
tetween rsadings, This angular displacement is intendsd to eliminate a possi-
ble first reflscticn ocming f{rom ths ccolsr adgs of the opening in ths bottcm
of the cavity. Also, this faaturs raduces the possidbility of snerzy froenm
the surrocunds enisring the cavity ard reflsoting from the sample into the
sysiam,

Dissussicn of Results - As was poirted out in the prsvicus ssotion, the

raflsotoneter has been under daveloprent for ssvsral ysars. This latsst
medel i3 btelisved to havs rsduced as much as possidls, errors and Sources of
errors, The use of ccoling watsr in and around the systam has been increasad
and it is bellavad that the methcd and manner of shislding has baen improvsd.
In addisioca, the soolling of the aample has teon mads mors effactivs.

The last polnt regarding ths cooling of the sample has bsen subjectad
to much thought, Ae showm in Figurs I-A-4, the cooling water is forecsd
against the back of the sample at a 7ary high velosity. Ths convsction ccef-
fioisnt on this surfacs has tesn estimatad to te highsr than 1CCO Btu/hrjtz °r.
Calculaticns show that such a value 13 nacessary in the case of samples having
a high absorptivity (see Aprendix I). teating of the sample i3 vory sorious
as it affects tho longer wavelength mensurerdnts approciably, Calcalitions
in proesitx I fhew bne rorgors ralative error atv 13 micrevs for s:im~le sirfaes

. R )
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in The measuroronts.

Other sourcas of errors ares (1) the stability of the ampiifying-
recoriing system, (2) roadadbls accuracy of the recordar, and (3) opsrator
error. Conaidaring the above factors, ths data prassnted is believad to te
acourate to 2 0,02 units in the worst casa, Thus, a measurad valus of r
equal to 0,10 may de 0,12 or 0.08,

Data are prssentsd in Figurss I-A-5 tarough I-i-21, Two set3 of data
are inocluded to demonstrate tha offact of sampls trananissi.ity. Tho
reflactance ol magnssium oxids for two diffsrsnt thioknasses cn two dase
matarials ars given in Figuras I-A-18 and I-A-19, The first fizurs illus-
tratas ths changs of reflactance with thickness fer a flat dlack undarcost,
The ssoond figurs is ocmparabls data for a polishad aluminum bdase matarial,
The hizher reflsctance measursd for ths thisksr samplas is a rssult of
nultiple reflsotions within the oxide and dsmcnstratss the maganituds of this
effact, The second sat is for titanium dicxi:is and ths ocmpariscn is on the
basis of ccmparable thicknesses with diffarant underscats, Figurss I-A-20
and I-A-21, The regica frem 3 to 8 microans, Flgurs I-1-20 is ons of irans-
mizsion, whersas frem 11 to 15 niorcns, the reflsotance measused is that of
the dioxids, . -

The data presantad fer ooi’t‘.ings suoh as paianta, furnishes a dalfinite
dazcnstration of the 15portancs of the iransalssion and reflactance of the
baze material or undsrocai, For irradiation frem sourses in the temperaturs
ranzs 1C0 to 1CCO°F, these aff3cts will have a definita and material influsnce
upon tha affactive emisaivity (emittance), For this rsasen, ths results fer
saveral materials pressnied herein must te termesd rsflsctancs and not
roflsotivity, Theso materials which do not indicate transmission affects,

provide raflectivity data dut this is conditionad by the requiremsnt for a

spocific minimun sample thickness,
The ranrs of Jafa Ral toon linited by the prism availadble, to 1.0 to

13,0 miorors, W meatnicnad proviowsly, viible roftschiviting will by




9.
measured with ths G, E, Recording Spectrophotcmetor and when the KBr prism
is secured, measursmants will be aextended to 25 micrens. A quartz prism is
available, but has not yst been used, This priam will permit checking the
¥aCl priam rasults tetween 1,0 and approximately 3,5 micrens. In addition,
quartz will give bettsr disgeralon and hsnce rasolution, in this rsgion.

The data prasentad ars ths preliminary rsaults ottainsd wiih the equip-
ment, Further work is oontinuing ard the plans ars to inersasa ths types of
samplss measursd. A large aireraft manufactursr is furnishing samplas of
various matarials and coatings for measursment, This informaticn may snable
battar selscticn of matarials for uss in the arciio., Xors ascurats radiative
heat balances may te caloulatad for ccoling and hsating of aurfaces in the
polar regicns using the data odiained.

A sample calculation illustrating tha use of the infcruaticn praseniad,
is given in Aprendix II, The caloulaticns ars for solar irradiaticn and a
surface texperaturs of 60°F, This illustration i3 given to dsmcnairade the
utility of spectral data, The scurce may de of any form as long as in
spectral distritution is kancwn. Numerical or zechanical intagraticn i3 usad
to evaluats the scurcs and raflsciicn ourves and.thus obtain the reflaciiviiy
of the zat;gial as the ratio of tha two arsas,

B, Paradoloid Rsflsctcmeter

Intreducticn = The measursment of spectral reflactance with the heatad
cavity raflsctcmetser has tesn dasorited in 3sotlon I-A. Az pointsd cut ia
the discussion, the tamperaturs rise of the sampls may inircduce an appre-
oiabls srror in the measurad rsflsctarae of ceartain samplas, Furthar, the
systsn 13 not adaptable to the measursmant of the speotral reflactanss of
othar materials, such as snow, ice, and permafrest. The need for an inssru-
ment which would pormit the msasurement of reflectance withcut hsating of
the sample provided the imgetus tor the dosign of the Paratoloid Refloctem-

otor,
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Doscription - A schomatic diagram of tho plannsd system is shown in
Figurs I-B-1, Tho sourco may be <electad so as tvo provide maximum enorgy at
various portions of the spactrum, 9.g., globar, mercury lamp, incandsscent
laxp or hohlraum, The enargy frem the sourse will bs chopped and dirsotad
into a Parkin-Elmer Xcdsl 83 moncehremator, dispersed by the prism and a
monocohromatic bean will emerze frem the exit sliits, An optical aysianm will
collimate this beam and dirset it bstwssn the paratolio mirrors shsrs a flat
mirror #ill reflact the energy onto cne of the parabolio mirrors whieh foouses
the enarzy on the sample, The energy reflectad by the sampls is collsotad,
oollinated and dirsctsd to the othar paradbolle mirror. The sscond paradolio
mirror rafoousas ths enerzy on a detactor, Ths oubtput of thiz detactor is
amplifisd and recordsd in the same mannsar as the systam desorited in Seciicn
I-A, atows,

The sampls holder will be oonstructed so as to psrmit viawing of the
sampls and of a refersnce surface altaraataly. Ths refsrsnocs gurface is to
have a high reflsctanca.

Discussion - It is beliavad that this desizn has the following advantagess

1, S8ince ths enerzy i3 ohopped befors it sitrikss ths surface of
the sampls, the smission of the sampls will not be da;actsd.

2. The total hamispherisal, rathsr than normal reflactancs will
ba measursd, .

3. The angls of incidencs of ths monochromatic team may be varisd
by changing the position of ths flat mirror.

4, Ths paraboloids may be placsd in a oabine%, the temperaturs of
which may be maintainsd at any desirsd temperatu:s,

Thera are two known linmitations in tne design as outlined, One, the
normal raflected enoergy will not roach the second parabola since it will ke
intorcopted by the gampla, Socendly, the constructicn of a dotector which

will have the sonaitivity required and yot have a shork time raspcnsn., An
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enolosed or avacuated de%actor is not sultable since the detsotor must datect
enorzy incidsant upon it from a hemisphers.

Since thao fraction of endrgy intarcspted by tha sample is Ver; anall, it
can either te corrscted for theorstically, or by an suxiliary mirror syatem,

Frem racent invastization of the litsrature and praliminary sxperimental
work, 1% is thouzht that a suitabls datsctor can bLe-construobed,

In surmary, 4% 13 bellevad that the paraboloid rsflasctemeter will sresent
a satisfactory solution to tha prodlem of measursment of spesctral reflsctivity
of samples which canzot ba tested in ths hsatad oavity reflsotcmetar, In
addition, samplas which must te maintainsd at tampersturay under 32°2 ji.g.,
snow, ice and par:afrcst) can te tsstad whan the paraboloigs n;s anolesed in
the oontrollad temperaturs osdinat,

A refrizaration unit and rsquirsd accsssoriss for ths controllad envircn-
mant oabinet have bessn pursnased and the praliminary desizn of the cabinst
completed, The rsquired parabolic mirrcrs havs been receivyed and the front
surface aluminized, JAcosssory cptics ars availadla, The cptical systom will
be desiznsd and ocnatruotsd by Jeptamber 1, 1353. In the sazme pericd of
time a detsotor will Ye buils, It is ooniamplated that ihs reflsoicmster will

be placed in operaticn by Cotober 1, 133,
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II, SURFACZ EMISSIVITY AT OR NSAR AMBISNT TEMFIRATURS

A, Two-Radinmeter Method

Introduction - The measursmant of surface emissivities at or near amdient
tamparaturs (O to 1C0SF) is diffioult because the ensrgy emitited by the surface
at thosa temperatures is low, The two-radicmeter methed (Thermal Radiaticn
Projact (1%482)) was devsloped at the University of Californla to measurs the
erisalvity of surfaces at thyss temperaturss.

Two radicmetsrs (Gier (1540)and Boelter (1943)) ara used to measurs the
oemissivity, One radicmetar is heatad unéil 1t resches a uniform.constant
temperaturs about 30°P above ambisnt; the other radicmatar is unheaisd azd,
therafore, its temperaturs is that of the surrounds. 4 sample i3 rotated
tensath the radicmeters.

By writing an equatior for the nat intarchanges batween ths sample aud
each of tha radicmetars, the cutput of the thermopilas may te rslatad to the
emissivity of ths surfass.

The sampls temperaburs rise is never grsater than 597,; ths actual rise
is dapendent upon the emisaivity of the surface and the speed of rotation of
the sampls, With such a small temperaturs riss it i3 pessidles to test samplas
which ares subject to d?tsrioration when hsatad, 3

Desoription ~ A sonamatio oross secticn of the exparizmental spézratut is
shewn in Figurs IX-A-l, The datactors ars silvsr-constantan wirs wound
'thsrmopiles with blackened receiver strips. The case of the radicmater is
a ssotion of heavy wall copper tubs with an cutsr case of bakelite, The
heaved radicmetsr is wound with a oconstantan wire heatsr, The ;lacenent of
the windings and tho larze thermal oonductivity of téo qopper reduces the
temperatusre variation along the wall to a maximum of 1/39F, The inZarnal
dimenslions of the radicmoter case ars selected to approach "ideal" Planckian
radiaticn from tha oponing, The therﬁ%pilo rocolvor "sess" this opsning

with n acratrieal ghape tacler of 6,183, Tho rotoronco junctlion of tho




thermopile is shielded from the oponing by a baffle plata.

Theoretical Analysis « The follewing assumptions aro mades

1.

A haat balanos for sach radicmetar may te writtsn, naglacting any

Tho "hot" radicmeter irfadiates the sampls surfacs with the
intensity O T}i4 .

The activa rsceiver strip "sees" the radiometar case opening
with a goometrical factor of 0,165, The rsmaindsr of the
"half-3pacs” viewsd by the raceivsr is ocooupisad by ths oasse,
The refarance strips sees cnly the baffle in the radicmeter
case,

The temperaturs riss of the activs recsiver strip is small,
Convaction and conduotion losses at the two racsiver strips

ars equal,

multiple rsflactions and asauming the rsflectivity is ons minus the emissivity.

Hsatad Radicmetar

4

4 4
(_3)3 o O F(1-0,)05 *ege, TPT " - ey OFTy 1)

Cold Radicmetar

@lg = og TR0, )1t ¢ g 0, 7T, - eg 07 1t T (2)

‘Where

o

= (=] L

-3

w Area - e

= Enissivity « dimensicnlesa

= Geomstrical forn factor - dimensionless

= Irradiation - Btu/hret?

= Radiometer constant - Btu/hrft? my

= Hoat flow - Btu/hr

= Absolute temporature - °R .
= Yoltage - millive .3 (mv)

* St fan-Boltzmann const.nk ~ 0.172 x 1078 Fru/ne 02




Subseripts

- - C = Radicmetar at amblent corditions
H « Hoated radiomoter
s ® Jampls
The radicmetar sonstant is dsfined ass
(3)

1.9 4
Dy "y vy - TR Iy
(4)

1 4
A @Dy Ko = - T
Substitution of (3) into (1) and (4) into (2) gives:
4 4
RyVg = ¢ OF(Ty, =~ 27 ) (s)
arm 4
KoV = o, OR(D,° - 24%) (6)
Bquation (3) may be subtractsd from (6) and solved for as
, . Sels - %l :
PoeA(rgt - 15t) -
Similarly, solving for Ty -
1/4
. 4 4
P L0 MR T

8 Kc?c - XB'I'H
Squation (7) may be further 8implified by tha relation
4 4 3
Tg =T =4 Ty, (Tg - Tg) (s)
for Tg = T
Bquation (7) bescmes
(10)

EeVe ~ Xy¥g
%)
4 TR Tgpe (T - Tg)

y and acouracy,

The last squation is used in caloulation for simplioit
Y

Calibration of Radicwetars - The reaponse of the thormopiles ars normall
Although this agsumption

assumed to be independant of the scurce temparatura,

13 3atl. "actory for thy usual apnlications of radicmotars, a more oxack
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8ince ths
calibration constants ars a function of temperaturs, the radicmelera ars

oalibration is raquired when thsy are ussd $o measurs smissivily.

calitratad with "ideal" radiators in the temperaturs range 0 to 200°7 (approx-
imately).

Ths calidbratlon procsdurs is as followss

1, "Ideal" black bedy radiators ars sonatruoiad in accordancs wiih

establishad oritaria (3uckley (1834)),
The radicmetar 13 placed benaath or above tha oavity opening,
depending on cavity tarperaturs, and rsadiags ars mads of the

thermopila responss, radicmetsr oasa tamperaturs, and radiator

tamparaturs,
3. Ths nat radiation of the thermopils is 7 0'('1‘14 - TR4),
whars T1 is temperaturs of idsal radiator, The oonstant of the
thermopils is ccmputsd by exprassicas analcgous to aquaticas 3
and 4, whersin G has bsen replaced by F orrl4.
The tharmcecuples for measursment og the oase temperaturss ars calidratad
with oonstant tempe;aturs baths, For temperaturss btelcw ambiani conditions,

baths using mixtures of ice and acatons, ice and water, eto, ars ussad, The

radiometars are protaotad frem damags, wheh immersed ia the bath, dy thin

impervicuz membdranss tightly wrapred avout the insirurent, )

Instrumsntatica - The thermoooupls and Shermopiles smf's ars measured with
a leads and Northrup Type X-2 potanticmeter usad with a Type 3 zalvancmelsr.
Thess instruments are sensitive to 0,5 misrovolts, which is 2 perssn: or lass
of the amallast rsading (Lhermepils output), The tamperaturss ars refarrsd

to an iss junction and precautions taksn to reduscs atray or thsrmal amf's that

might intreduce arrors.

Discussicn ~ The squirment dsgoribed will permit the measursment of the

emisslvity of snow, lece, frozen ground and othor materials used in or natural

L6 the arstic roclona. This will 0 dono ty placing the radionators and

gampla n a dogp fresze unis,  Tno data obbainel Lo the tweerudfomater watie!

)
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w1l augrent and 2ubstantiats the spaotral data dasoribad in Ssction I, abovas,

Amcng othsrs, the two-rsdicrmator msthed will be used to msasurs tha

reflactivity of the following surfacess

1,
2,
3.
4,
5,
"8,

Snew, artificial and natural;

Ios - 3014, orushad, asto.;

Frotan ground - diffarant tyres and various molsiups ecntanta;
Furs - polar bear, whits fox, and armine;

Paints; and

Xatals,

B, 3Bnisaivity Netar

Istroduoticn « The fwoeradicmetar zethed, a3 daserided in I7.4 iy a

lavoratory instriment for the order of nagaituda of siznals i3 s4 small that

under field ocnditions tha $tray siznala would beccze arpreciadble and zive

errcnacus daterminations of snissizity, This makes it necss3ary to althar

tost artifiolal samples or remcvs actual 3amplas from the region where thay

ars indiganous to the ladoratery for tastirg. Although 1t is faasidla to

mevs mest aamplss, sncw ia particular presents a problan, sincs its charaatapr=

istios :vary with tize and past history, Ia viaw B this fact, a fisld deviae

has been desizned to measure ths enissivity of samples, .This do.:rioe i3 cone

[

T atruoted but as yot no tasis have Yaen performed, Ladoratery salidration

and uss will zcon te undsrway, It 1s felt that a thorough sheok {n ths

laboratory 1s nasded in order that as ARy sources of error as possidls can

be aliminated btefore it 1s used in %hs fisld,

Desoriptizn « A sohematic drawing of the baok fooused opticaledatsotor

8ystam is shom in Mgzure II-B-1, The fMirs: surfacs spherical mirpor {s

foousad on the recsiver and servss to limit stray ensrzy and $0 doncantrate

the energy from the sample., A mors detailed drawing of tho entire design is

shom in Figurs II-3-2,

Thy davico censlats of a double walled hohlraun for dafining the ir-

radintion o the samnle aurfaco and the back foc:iqd dotoctor., Thy hohliww

_.yl
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(or idsal radiator) is a doudls walied copiar oylinder which may be varisd 4a
tomporature by tho use of varlcus cooiantz. Fresent plans ars to uss volling

itrogen ard possidly solid ocerbven diozie~isczrsyyl aloohol mixt;rs a3 iso-
tharmal fluids, Connesticns ars providad to parhic oirsulation of fluids in
tho walls of tha cavity whara such facilislas ars avalladle, i.e,, in the
laboratory. Thas uss of low famparadurss in the hohlrawa sliminates tha errcr
intredused by rsflection of hohlraun ensrzy frem ths sample surface, 4n
antiolpated difficulty is the possibility ihuat the surface of the sample will
Ta02e by the intreducticn of the large heat sink, Caloulations shoew this
may bs partially eliminated dy tho exgerimanial precadurs,

The mirrer and foousing tube arranzament permits thrse dizensicnal adjusd-
nant of the mirrer and the tharmopils dotsctor. Thess adjusiments ars such
that they may Yo easily made in the fisld if necessary, The opticsal path is
shiuldad frem extranscus snargy with an adjustadls xmetal plate, A rafarsnce
surface may be insertsd in the optiocal path for calidration and operaicn
onsck. The detactor ocnsists of a wirs wound silvsr-constantan 235 junsiion
thermoplile suppertsd by aylon-glassy fiter threads.

The satirs assemdbly weighs approxizately 38 pounds inoluding izsulatien.
This-wsight'?z not boa*sved sxcassive {or use in snow, Tha dateotor cudpus
ma; te measursd rith a poradle potanticmeiar such as tis L and ¥ Type 8562:.
As statad before, £141d Tester have not baen conducted. It is neverthalaas
2315 the inatrument will prove satisfastory for nermal fiald conditicns,

Darivation of the 3guadicns = A radiation heat balance writtsn upon the

sazpls surface gives

4 4 Y ~\4
Gp m o, 0Ty +(leoy) Py, O +7, (1-3s,) T (1)

whare
Gp = Total energy omitted and roflsctsd from the sampla surface
3 = Enisaivity

T = Abjolute tewperabura - O3
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F = Shaps (or geometrical) fastor

0 = Stafan-Boltzmann ccnstant
Subscripts

s = 3ampls

h * hohlraun

o wupper opaning in hohlraum

o0 ® surrounds (other than hohlraun)

r = recaiver

n * mirror
Tha enorgy incidsnt upon the recsiver is

Gp © Fpmlp (2)
where

G, = 3vuvgy inoidant upen the rocsiver

r
Fon® Shape fastor of the recsiver with respect to the mirror
Values of the saape factors ars
P, =0,3c8
Faap® 1 = Fyop = o974
Fyg = 0262 == - i _

Subatituting theae valuss in the equaticn for G, _gives -

[ 4. 4 :
G, = & .3¢8) {o,[r,-.sn Ty-,0262 rf,J* 974 'z;o.ozsa I;} () .

or
6, = 0 (3¢8) Jag(h) # Lora(aeng)e + s
" (3¢ La, g) “ o074(1-0y)Ty + .0232(1-04)T {4)
Assuning the following values of temparaturs
T, = 483°R (23°F)
Ty, - 180°R (=300°F - liquid nitrogen)
T 492°% (32°F)
the value of G, is .
G, =28.0e, *1.15
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The expsotad valus of a; rangss betwsen 0,50 and 1,0 and for the lower wvalus,
gives
Gy * 25.4 Bru/hrft?
?lhich will give a dotsotor output of .5 mv with a detsstor oonstant of
50 Btu/hri? uv,

Digcussion - The advantags of a low tamperaburs hohilraun gan raadily be
sasn. Exanination of equation i4) for G, will show that Tp, has approximataly
40 tizmes the effsot of T as a result of the low valus of Fyop similarly Ty
has approximataly one-tanth ths effeot of T,. Tharsfors, in ordsr to maintaia

as high a lavsl of ascuraoy as pessitle, Ty, mist de roduced to & minimum,




20.

III, TRAN3MIZSIVITY AND ABSORPTIVITY OF SNCH

A, Solarimater® and Albadomatar®
Introducticn = The evaluaticn of hsat gains and losses in a anow pack
i3 dependant upen an acourads dstarmination of the hsat transfar by ccavaction,
ocnduction and radiatien., Ths problsa dces not land itaslf to almpls calou-
lations, sines haat flow changes such physioal propertiss of the sncw as
dansity, orystal sizs, shape and hardnasa, and thase ohanges, in tumm, alfsed
the svaluation of heat flow, In 7isw of thisz, suitable instrumensation is
desirabla, The albedcmatar i3 telng davelsped to measurs the hsat zains and
lc2393 at ths surfaos of the ancw rack dus to solar radiaticn, and the zolar-
imster to measurs tranarissicn of solar radiaticn into the snew pask at any
lavel, .
A revisw of the avalladls dada for snow transmizsion given fa 733
Raport No. 4, reveals a largs 7apriaticn in the atianuation oceffizisnia

roporsad. Thess afforts of scrrelaicn bty lamberi's law of transmissien, y

have nacessarily neglactad the variables snoountarsd in 3now, Consequently,
ths data ars singularly 7valid for the partioular sncw cover exiating at the
time of measurement., Thers are a largs number of physical properties that
posaidly affact the transmissicn; the most odvicus, denaity. The extinciicn
ccafficient used by shamists (2oer's Law) makes uss of ths scnoentraticn of
the abscrbing mediwn. Densiiy is a measure of this concentratien, Unlortu-
nately, snow dansity i3 variadle and frequently a funeilcn of dapth, Hence
the transmission 13 not an sxgenential with a linaar expenant as in Zeer's
Law, In addition, snow i3 a diffuse medium and orystal siruoturs and size is
also an important factor to be oconsidarsd in determining the transmissions,
In this connsction, a posaidls variadle that would asaist in correlaticn, is

the albedo of the snow. The roflactivity of a surface such as snow, is the

*Thd namo: chulen £0 be descriptive of thase instruruents
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sun of the first reflactlon from the surfacs alcns and tha total of tha energy

passing back through the surface 23 a result of multiple rsflections and

fransmissions within the snow pask, The albedo 14 a funcilen of trenamizaion

and may servs a3 one paramatar lor correlation of transmlasica with pariicls
sizs, A3 a first approxinstion, cne mizht suggest that tha quantitative

gxpression for tha attanuadion of radiation in passing threugh this media may

ba writton similar to tha sxprssslon for atmospherio abserptica as follews:

,g_o TGRS P

whare
G, = Initial irradlaticn as indicatad oy ths sclarizstsr
G = Irradiaticn at 2cme dapth &
@ v A scatiering ccelifisiant whish may be a function of &
P = An absorpticn ocefficiant whioh alzo may be a ;‘uneticn of ¢
g + B =a ®in attenuatica acaffioiant
t ® Thiciness of adrorbiag mediwm ’
& sxprossion similar to the abcvs needs experinental veriffcatica. Data

—_

- mLy TOT0al an sxprassicn as followst
.%o . gma (¥}t L
Aa unavoldadls, inherent error ia the majority of the dati_ roviowed, X;g; s g
tesn the necassity for forming a savity in the ancw to contain the measuring
instrumenty, In the majority of insvances the iastruments used fo» messurae
ments wers sither photocells or 2pplay Pyrhelicmeters., Doth dsvices ragquired
ampls spase for installaticn, The oavity causss arrors in measursment by
7irtus of tha intarersflacticns at ths walls of tha cavity., In effast, an
imparfact dlack bedy radiator is fommed, The reascns enunerated abovs led to
the adapiaticn ;)}' a silver-genstantan wirs wound tharmopile for reasursment

of solsr Yransmission., The charactorlstics Jdesired of tho dovico woras

s

el W oyn n

. e iy ,
St nd ) il b e s vk ot
PV

o

¥
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1, Senaitivity suoh that it might be usad with standard rscording
oquipmant without amplifisation;

2, Flai for sasy inssrticn in the snow without ths formaticn of a
cavity;

3. Insensitive to radiation frem the surrounds, i.s,, long wave-
lenzth sasrgy;

4, Rugzed and simple for fisla use; and

8, High tranamisslon and low thsrmal conduotivity.

Desorivticn of 3s3i0 Faatures - Ths sssential alaments of the dszice ars

shown in Figurs 1II-A-1, The thermopila dstector (Glar (1339)) 1s aupportad
in a plastic-glass sandwich, The two juncticns of the thermopils ars aluminum
£2i1, cn9 dlackansd and the othor whize. The plastio case is plaxizlas which
Ras a low thermal ocnductizity. The diffarent piaces are hald fogother with
bra3z sorews and sealad with siliscns vaouum grease which has proven adaguats
undar £iald tasting, The lasds frem the thermncpila ars brought through the
plastio Yo binding posts. ;

The cover ;Iate used for all insiruments to date, 1s a lanitem slide
oovsr glass 3-1/4™ x 4", Tha zlass was selsotad for it3 transnissicn oharacter-
istics and repreducitiliiy.

Ths albedcmetar ia merely Two rsooi:nrs sizilar o those of the solur-
imeter fassd so a8 to viaw in opposits dirscticns, The calidration ocnstan;.:s
ars made equal “{ the {wo receirsrs; ths cutput 1s a measure of the net
enerzy z2ing iato the ancw pack. I the two ars read separatsly, one measures
inoidsnt radiaticn and the cther reflscted radiaticn, The albedometer also
furnishes a rapid aand simpls measursment of the albedo of foliagse, ground, eto,

Calibdration = The instrumsnt was calibdrated with a high intensity lamp,
The lamp was sizhted alternatsly with a calibratad radicmeter which has a

glass filter to cut out the long wave radiation of the lamp envelope, and with

the solarimeter, The calibration constants obtained wers in the order of

12 Btu/fares? nv.
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Theorstical Consideracions ~ The bazle idsa of this davice is simildivy

to that of the Bpplay Pyrheliometar, The blacksnad junctica has a high
emisaivity and absorptivity t3 all wavelsngths of snsrzy. Ths whits junoction
idaally i3 highly rofleotans to solar radiafien, dut has the same characlar-
is3tics a3 the dlsoksnod strip for all cthar radiation, Thus, in tha short
wazelaz_th (solar) rezica, ths whiis racelivar raflecis mest of the onorgy
whils the blackensd strip adaords s largs rarsonisgs of tha-snsrgy, Beoth
absord oqually well in all othar raglons of thy spsstrum. Conssquanily, the
instru=ent i3 ssnaitive do 3clar radiatisn and insensitive to leng wavs radie
atien.

The follewing tadle inzsludas the 3yatols whish will b8 used hersias

V = Jharmopile output ~ av (aq. 3)

T = Cacmatrical shaps facsor - (ag, 12)

Irradizticn - 3tufar2sd

Thermopiia ceuatant - Btu/‘.zrz‘hz/mv - {8q. 7)

Lo}
] L}

lengsh ~ 2% {sq. 1)

b
L]

3rfzctive roflsenivity of a medium or ocmblaation of media

(eq. 11) -

(2 ]
L]

Temparaturs - %R

Therzealsotrio powsr zer Junotion = x7/fjunoticon - (ey. 5)

<
L]

b = Zoat transfar Soaffisient - Buwds? 7 (aq. 1)

¥ © Thorsal sonduativity - Btu/hrst °7 (aq. 1)
< = Nunbes of Jucotions (ag, 3)

r @ Raflactivity of a surfacs (aq, 3)
t = Tranandsaivity of & media {sq, 9}
¢ = Absorptivisy

A = Diflarance

O = Stafan-Bolizmana Sonstaat » ,173 x 1070 Beufhr ©X
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Subgoripts

L = Long wavslength (low temperaturs)

8 = Short wavalength (3olar)

g » Jilvaer

¢ ® Constantan

W s Fhits _
B = Blaok

B = Housing

A = Mmbliant temperaturs

Tharmepils Calidration Constant « Consider a thermopila sxposed to

incident anergy G.

4 heat balance may de writisn upen the receiver strirs as followss

Glac)y * O Tgt(aa)y = Oyt = o nt + gﬁ(ra - %)

R X
T, (a-%) 01 Cr-f) *uiTp - 1)

L

+h(2) -~ Iy

The abovs equation 13 based on the following asaumpticnas

1. TP TpdTy and TpT 00y

~ N

2, i. = senstant
3. 1p = ocnstant
4. aag " sonstand
§. acy * oonstant

8. The shape factor of tha devise is aqual to unity

—qay -

If 4% 43 further ssmumed that (Ac), = O or cpy ® ¢y ® Gps equatien (1)

beccmes

X X
Glaa)s » Cay(Ty' = Ty') + Efi) e 4}] (T3 - Ty)

(2)

D0 st Dl IR PRI S 4&»5’%{!’:»&3‘&3
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A usual simplifieation 1s made when Tg =Ty a3 follows (308 squation 9, sentien .

I1-4):
4 4 (75 + T',v)s
T =Ty = (Tp = Ty) (3)
Subatituting squaticn (3) into squatien (2) yislds
T 2%, k
G(Ac)s :{_g_cl' (1‘3 + T-J)s ¢1—°£ b-ii- + h} (Ta - '1‘-,) (4)
The cutput of a thermopile i3 dofined as
¥ o=nv(l; - Ty)
Thus
v ] :
= =Ty - (s) .
Theralors equation (4) now may be writian as :
T : &, X ‘
v al. 3 L] 3 N
G(M)s 'K-?[T- “3 ’T‘j) ‘T ’T*h] (8) :
3
Fnish i3 the form of ) 4
G =% ' - m
whayrs ’ . R :E
g 2% k. - R i
. 1 % 3 e . 5 4
K-W;[T— {73 + 1) ¢r¢1—.¢h] : (s) B

= galidration ocnstant

s uh ¥
ot vy vph ]

Ccmpariscn of equations (1), (7) and (3) will show that ths azsumption

®,

of squal lenp; wavelangth emiszaivities for both receivar strips is a oritical
point in the analysis; frem our study of the literaturs we find that this
point has been sacitly assuxed or implisd in the desoripiions of most solar
radiation moasuring devicees,

Also equation (8) roveals that K, the calibration constant will vary
with tonperaturs sinee v, kg an1 kg vary with tomperature, Our exraeriences
with tha-meolectric devices nas indicated that tnis vartation may ta appre-

Arabla wbin tho dovice 43 calibrated at or noar norsal asbieat sanparnturs _J
-
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(3ay 70°7) and used ot or telow froezing tamporature. This variation in X
shculd te establishsd befors prsciss evaluaticns ‘oi‘ solar irradiaticn can e
sffactad, This i3 anothsr poin% that haa deen treatsd lizhtly by uzers of
solar radiation maasuring davicas,

BEffset of Plastio Caza - Tha enclosurs of ths tharmopila will affact the

dataskor output, The oalibraticn methed used cempenaatas for thiz eflsed,
An analysis of the magnituds of the influsnce is mads ar follcws,

Idsalize a-systam of two plana tranamitiing diffuse madia with the thermo-
pile between (338 Figurs III-4-2), B

Ths valus of 8; 4o 2 interosptad by the therncpils is frem the atovs

figurss

2
61 %0 2 . G(I -r rz)
The matarials uzed (Plaxizlas) have total reflsciivities of the order of

5 persent ard total transmisaivitisas of 90 persent for solar onergy, ZIThersfors

-

3 4o 2 " YTy . .
“,9236° - ‘

The aff30h frem a ‘olur.;e in transadssicn of the upper surface can be -
seon %o “hav; a sericus result ugoa the measured values, The tq;nazggltion has
no aifset if the valus is the same for the oalidbraticn source and t);;Aio'.;raa‘
that is being measured, 4 sixmilar reascning appliss to rsriaotiﬂtiﬂ, A*Ifk
the reflastivity of the upper surfaes is invariant and of the ordsr ot" 4]
persens, ohanges in the reflsetivity of the lower surface havs 1ittle or no
effas: upen ths value of Gyz.

Bffe0% of Cavity - As was pointad out previously, a savity must be fermed
in the sncw o contaln tho measuring instrumsais. The caviity causss srrors
in measursmont due to the inner raflections within the ocavity, This egfact

may be approximated by two mothods. The first preocedurs is similar to tha

proceoding analysis (Floure IT1-4-2),

T 7, 7 3 N A PR -
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. the instrument and-the cavily aurfacss. - - - - B

hacd

. %he valus measursd by ths solarimeter is Cl to 2 ) -

T B3
+
cwBla02 Y6 Y [1 1~

7y Ryz

whars

. f2 73

Bs "% ' rig 7 (11)

Assuxdngs

ty = 0.20 ..

-

rpg " 0,05~ o

fs b 9}80 .

R AT

ry = 0.80

¢
el .15 ‘

The value whioh i3 dasirsd is t) actual, whereas the neazursd value i3 ) -
1,213 43, This aloplifisd analysis demonstrates that values muoh larger than

the true iransmiszsicn zay te measursd dus.io the inder-rsflscticns between

P It TSR

. ~~ - _—

BN SN
]
i

. - rhn“l‘nong‘mthcd partially czplain; the Teduced eifeot from pla&ia; the

weu

i
o eV Wene

upper surface of the solarizetsr ia contact with tho sucw,

4

1
o

A factor 7 is sasumed whish by defiaiticn is the ratio of snergy that ia

P

inoident upen the oavity lowar surface to that whioh enters the cavity, fhorié

fors, by multiple reflacticns, the frastion o2 the total energy inoident upen-

ey

1y 7
o

the lower surface 1a-from Mgure 1I2-A-3s - j" '
ps (2 -F) r2 2
1-rp4371-F)

The ensrgy inoidsat upon the lewer aurlace of the cavity approaches :

e o)

(13)

2as 7 9 1. The frastion P oan only approach 1 4f the ocavity is small,

3ince the solarimetar intsradpts only a part of F, the ideal case would be

a point, This is impractinable, but the optimunm practicadbls limit would te

a cavity t o same sizo aa the solariretor, L.s., insorting the instrument in -




the snow without oraating an unnscesaary void aboud-it,

Rasults of Fiald Tasts - Fisld tasia wors oonductad at the Ceniral Siarra

8ncw Lacoratory during tha months of Maren, April, and a porticn of ¥ay, Snow
sonditians wers not idsal 3ince this was a melt paricd and a largs amouns of
fT99 water was present ia the sncw, The flat upper surface of the instrumnt
did not permit the watsr to drala properly, Tha data obiainsd wars prinarily
u3sful ia dadermining flald performenca, The glass %o plastic seal was a
souras of troudle, Leakazs of watar into the lnstrument a:‘s’act;d the thermo-
pile azd devsloped srronsous readings, A 2ilisa-gel drylng agant holder was
provided 1a sach davise, tub this wmas cnly suffiolant to maintain a low water
vapor sontent and nct to avsord the waler,

The instrument was plassd in the ancw by tw~ metheds. The fir3t was
meraly direct ingertion izto the sncw, i.s., snow scnizeizall surfaces. In
the other methed, a 3mall oavity wes :ads ia the snow and the inatrument
reated on the bott?m; The izdicated transmiszsion of $hs aaze sncw sover was
spprozizataly 2 tines as grést by the second methed than by the first. Thiz
i3 attr‘.b;tod to the oavity or inter-reflsotion effsect.

The prolininary work indicates that inur:bion of an unchillad instrument
in the snow is not satisfaoctory. The sncw on thg upper surfasce of the instru-
ment melts and refrsases. The freesing sffsot is sliminated by pro-ohillk;g
the Ainltmont *to approxinately snow temperaturo velfors {.i;ir‘.-ing it in the
anew,

Thers were several oburz:tim ,0f & audden inorsaze in resorded output
in the peaitive direction during the early morning hours; thess coourred
between midaight and 3 Ad and lasted for aporoximately one hour, The ocutput
reocord would suddanly.inorsase, unliks a heating ourve, to a value of 0,3 to
1,0 mv and remain constant, At the end of an hour or so, ths record would
slowly decrease, similar to an exponential cooling cu;vs. Much thought has
been gi~ n to this action dnd an attempt will Lo made to duplicats it with a

doop fragze unit so 73 to dotermine tho pcgaible causy.
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Raprasentative results of the aforsmentionsd field tasts are tabulatad
below, These ars presentad to illustrats ths magniiuds of ths reaponis in
millivolts and to demonsirats the practicadility of tha instrument., As notad
praviously, ths oonditicns of the test wers nct idaal and the resulis ziym
ars praliminary in naturs, Contamplatad plans ars to obtain data under nors
suiadla conditions with & mors ccmplsta knowladzs of the variadlas invelysd.

DATA OBTAINED AT CINTRUAL SISRAA SNCY LASORACRY

Zpplay Solar- Jolar- Parsent T
Pyrhalie | izeter izeter Bazad on -
ctotar Jo. 4 o, 1 3olarizeser
Dats  Tize | Biufwse? | Btufhem? | Stufrped ] o Rezarks
4/1/33 1445 | 130,3 142,1 11.5 3.1 Lizht oloud
1450 { 121.,3 133,0 11,3 8.3 cover
15¢5 ) 135.9 138.0 12,0 7.2 )
320 { 143,0 133,1 12.0 8.3
1535 1 129.4 182,0 10.8 8.8
4,2/53 1338 | 287.0 330,0 19,4 8.9 Brizht sunshins
1450 { 230,5 287.0 14.4 5.4
1545 | 180.2 21%t.0 12,7 5.9
4/4/53 13¢0 | 3€0,0 317.0 30.8 9.7 3rizht sunshine
1318 | 215.3 320.0 30,8 | 9.8 b
1220} &3.% e3.1 10,5 13,32 ligat olouds -
140 | 28.9 31.8_ 4.9 15,5» Shade
1850 21,9 22.8 3.8 15,3 Clcudy and showers
17C0 | 14.7 4.3 2.4 18,2 Cloudy -

Constanis: 10 junetion Jppley Pyrhelicmeters 2,50 mv/%n-oal/&ia/ﬁma or -
83.4 Btu/hrd ov

Solarizeter ¥o. 13 4.8 Btu/nrss? ar
Solarimeter No. 45 9.8 3tu/hres? xv

2111 neaaurements oonducted ad a lsvel of 4 inshes of sncw adovse ein instru-
mont, exsept for the lasd four =sajurements, whioh were a% a 2 inoh lavel,

In addition to the adove data, points were piloksd off of the ohart roll
whan the solarizeter was placed at 3everal dapihs in the same sncw dank. A
plot of these data revsal a "trsnd" toward an sxponential functien althouzh
thers was consideradbls scattering., However, it is falt that a refinsment of
tachniques, more ccmrlate knowledso of tha variables, and improvements in the

sensing olevonts will permait the oxperiwontal svaluation ¢f an attonuation
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ecafTialant, -

Discussion of Jensinz Elamant - Ths prassnt dasizn employs flat whita

painé and fiat black paint for tha rescaivar strizs. This has nod proven
satisfaotory tecauss thszs paints do not have idantical spectral charactar-
1stics 4in the leng wavs rezion, -and as has bsen polnded ous, ithia i1 the

basio asjumption upon which ths oreration of thase instruzenia la pradicatad,
Whan tha lenz wavs emiazlviiy is diffarsas, the lnsirumen® raapends to ohanges
in cass tamperaturs a3 well as shors wavy radiation. Sxpearimental work 13
new telng ocndustsd 3o davalep ccatizgs with tettar 3peciral oharacteristies,

Anothar source of difftouldy i1 Tha glasa o plastls 302l of the scver
plats, To dats e7farts to cbialn a waser-tight, tsxperaiurs rasiatant sam}
have tasn unsucsessal, A ohangs frcam a zlass to a plastio sever las teen
oontamplated and will de mads if a 3eal 12 net found,

It should te noted that the seaziiiviiy of the sclarimeter 12 approxi-
mately two and cne-half +inos ihet of the 50-junticn Sppley Pyrhelicmeter
(12 Btu/hret? xv a3 oomtrasted with 233 /hr**’ ar).

The reasgcniae of the pro:cnt 1nstrumant ‘as-a funotion of ang‘d has teen
measured. 4n e.:mpls is a*c!n 1n J“;ure III-1~4 3 c rsspca:a A not the
é::irad gcnina faneticen, If a hcmit;hn lcal corer i3 used rnthar than £1as
glaas, the ocosine rsspenze sculd de Approaohad to a grsatar dog'so, but thnn
ths eaazs of placiag %hs iastrument ia a saow baak will de lost, The latter
feature 13 the mor i:pc:tint due to the s>rors 1nhor6n§ Then q'hcla zust be
dug ia the anow, ‘ |

The 1nltruzeat {9 sudleod to fluotuaticns when zusts ;t wizd 200l 4he
sagze, A2 di:aribad atore, the ssleoticn o satisfaetory recelver atrip
materialy will slinlzats the inatabllity. Wren this defsot is sorrasted, the
{nstrument may ta ussed In the cren in the 1ars mannar asg the 3 3prley Pyrheli-
cmatar,

Thn Sransmlissivity of the davice has Ddan tsstad and a mean valus of 20

prreant for the viaibly rozion wns datermingd, This wvalue L3 of tha ordar of

-
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magaituds of pravicul maazurmants of transmizalen of 1 to 2 inonas of ancew,
Con3zsquantly, ths affact of instrumant ataorptlen ugpen ths surrcunding sncw
1s 32all, Similarly, ths ccnduction 3ff26% 13 negligidlse-sincas the tharmal

T N
o Adwy

sorduetivity 13 approximatsly 0,1 Stu/hr ©

1sury Davelommens = The primady di0ficulsy of the inatrument at ths

presant time 13 its senaliivity teo eadliant tamperaturs ohangss, A3 zetad

pravicusly, a progran i3 acw undar way 0 cdlala nora sultadla racalzer 2a-

tarials., Ia addi3iloa %o %ni3, 31 *s3%ing pregram had %e3n oudlinad o datsrmiza

othar possidlse difficultiag, Thisz pregzram i3 alzed ads
1., Izproving the aczgular ressozsay
2. Asgosrtalaing iha affick of tamparature and tamperaturs zradiialyy
3, 3souring a pesaiilivTe soel a% 31l Jointsy
4. Ixproving case desizap axd
S, Detaraining the weailasizg 988303 upon plasiio,
This work will be oonducisd during ths Juwmser of 1953 amd the izproved
inatre=ent will de taatad during the forthsemiang winter. The testing of ths

 davide under fleld corditicna 13 naturally the best and ecmly true test of

performarce.,

Aoknowladzenent = The fisld 2asting was ocnductsd dy William T, Parrots

of the Central Sisrra 3now Laboratory., 3Hia au;;tltiani axd nlaf;taaco have

baen of grsat value.
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Figurs YNo.
I-A-)

Iede2a

I-A-2b
TeA-3
1-A-4

Ted-3
I-4-8
I-A.7
1-4-3
I-A-9
1-4-10
1.4-11
I-4-12

Ted=13
I-4-14
I-A-XS.
1-A-18
I-A-17
I-A-18
I-A-19
I.A-20

goacrigtion
Photograph of hsated cavity reflacicmetar squipment

Schematie dlagram of optical systasm for the heatad
cavity raflactcnetar

Schematic oross section of heated savity
Photozraph of sample holder
Schamatis oross section of samply holdar

(Figuras 1-A-5 threugh 31 “are szpeotral raflaotivity or
reflsctance ourvss frem 1.0 to 13,0 miercns)

Phospher drenze, polished
Rovar, »olished

Uolyddenum, polished
Zino, polishad

Coprer, polished
Nioksl, polished

Aluminum, polished
Aluminum, unpolished

Aluminm, roughened (50 aisro-inches)
Aluminum foil

71at blaok paiat (3oysen Jo, 11) cn rouzhensd aluminwm
Aluninum foil with tinyl chleride acating

Plat dlaok paint {2oysen ¥o. 11)
Galvanized iren

Black S2Xelite
Nichremo, Tophet A

Blask Glyptal

Red Glypial

Claar Glypsal

Rod Padigree, protsctive ssalsr (P,D, Georgzs Co,)
Clsar Pedigrss, protective sealar (F,D, Georze Co.)
Magnesiun oxids on polished aluminum base
Magnsesiun oxida on flat black paint base

Titaniun dioxida, thin sample
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. Fizurs No,
I-A-21

I-A-22
1.3-1
11-4-1
- 11.2.1

11-3.2
111-A-1
II1-1-2
I1T-2-3
I11-4-4

Deseription
Titaniun dioxids, thiek sample

Flat white paint, Fuller Decorst
Sohematio diagram of parabeloid refleotemetar
Sohamatio diagraa of two radicametsr aquipment

Sohematioe diagran of cptisal systam of the sncw
enizaivity metar

Sshamatis drawing of ths snow anizszivity meter
Bxpledad 7iew of the solarizeter

Diffusing mediva ray diagr:a'

Diagran of oavity intar-reflacticns

Cosins raspenss of solarineter
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TWO DIFFUSE PLANES 63.
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APPSNDIX--F

Error in Reflectivity Measursments

fha reflactivity (or roflsctance) maasurements are subjaot to errors
intreducad by emisaion rrcﬂ the sampla, An estimata of tho magnituds of the
error may te mads as follcws:
84 = F(3z - Byy)
Sy = Flurrs * 053 - A1)
whars - -
- S‘ = Racordsr deflaction when wall of caviiy 13 viswed
8y = Zacordsr dsflaction when sampla cavity is viswsd
P = Proportionality constant tetween snsrzy and dsflsction
3 = Znissive power Btu/‘nr/u
r = Raflaativity or reflactance
. 6 ®w Indissivity or emittance
subseripts
B = Hohlraum (ideal radiator)

8 = 3ampla

t

= Aavelanzgth - micrens
1 = Datum levsl for anergy inksrchangs
n = Measured

Ths zeasured reflactivity is the ratioc of 8y to 3,,

r o, Barte hy - By
2% T EEIRT

Azsuning that
‘ o0, *1 -r,

then




: oo Ta(En - BeTT¥ By - Ba)

n BN - End
' Nl VI iy 8
S ENK - Bn1 B - Eal

(B - Ba) - (Ba = Ba) | Byg - Bn)
EYIREY) VIS

- r!
The error in the measursment, ry, may be defined as

Bys * 3}.1)
By - B) -

The magnitude of this error at 13 miorons will be caloulated for sampls

Ty = Tg "ar > (1-1g)

temperatures of 100%F, 200°7 and 300°F, assuming ths datun for exshange is
70°7 (2,1) azd a hohlraum tamperaturs of 14€0°7, The maxizunm srror w1l
ogour for 1 = rg *lorry » 0, .
A, Sampla Temparaturs 1C0°7

B,y = 1670 Btu/hru st 150 and 1400°7 g;:gf)a Radiation Project

Exg * 7,50 Bsu/hr o }_S)u,ngd 160°? (Tharmal Radiation Project

-{1950) ..
- - . N - -~ -
h = 1z o
1 = 6,24 Btu/hr a3 15 neand 7097, (Thermal Radiation Projact
» a ~ (1ss0)) .

- .EM'SXI ( -
xR TRy 07O
1,26
* 5.3

oTpgx ® 000758

B. Sarpls Tamperaturs 200°F
Same as avovse but,

B, =123 Btu/hr/u at 154 and 200°F 8‘;28:1)\;1 Radiation Frojoct
5

6.06

ATaax Tz,

~ 00584 -




C. Sample Temperature 300°F -
By = 17,9 Btu/hr/u at 15 M and 300°F

11,65
Sfnaz " 15T

= ,007

Caloulation of Sampls Temparaturs

Consider the sampls disk with a paint coating; a uni-dizsnaional heat
balancs may be writtan upon the samplss
$ney 15’ -0y 0t “g (Tg = T3) = h(Ty - T3)
whers
% = Haat flow through the sampls - Btu/hrst?

T ® Tamperaturs - °z

e = Atsorptivity

o = Snissivity
o T !»-:_Ifx;ok:’mn‘ Troet L - . )
- N '-!1 -‘Eue_Tr;n:zfgr- coestiafsht = Biufar °F s
Subsoripts -
s = Sampls

E = Hohlraun

1 « Jater 3ids of metal basking dise
2 = Coating side of metal backing dise
w = Matar

Evaluating the first tarm for Ty = 1400°7, 7, = 1c0°F

Ly [a, rﬂq - 8y T’[l * 172 [a,(ns,sao) - ea(981)]

-

Aszaume




a, e, " 1

>lo
"

172 [119,600 - 981]

172 (129,619)

» 20,400 Btu/hr
The water side temperaturs diffsrsnce is of the ordar of 20°F (moazursd).

Tharafors tha watar heat tranaler coefficient i3

e @)1, - 7y) ~ 20000

= 1020 Btu/hrst? OF
The tamperaturs of ths surface may te sstimatsd by using assumed walues

of the thermal oonducti%ity of paints and ths corrssponding thicknsssas,

E ]
X, L, T, -%, | T,
{stu/nret °7) | 4n. (°? (°?)
o1 005 | 85 165
010 | 170 250
.2 005 | 42.5 122,5
.0l0 | 85 165
4 .05 | 215 101.5 /
. LOl0 | 42,5 122.5 :

Jampls saleulaticen

k‘ = 0.2, La ® 3,005 inches

RO

Ts'Tg - (%)/(}k::_)

= (20,400) /(2

. £20,4c0)(,c05)
(«2(12

. zgéégg v 12.5%F

T, =42.,5 * 80 « 122,3%




APFENDIX IX

Calculation of emisaivities and sbsorptivities frcm spactral reflectivity data

A, Emissivity of flat whits paint at 60°F.
The spsctral raflsctivity of flat whits paint is shomm in Figurs I-4-22,
For purposas of illuatration the data for a thicknasa of 0.0C4" will be used,

The reflectivity of a surfacs is dafinsd as
D @ '

[ nEh e f n RS

] . 'O

@ 4
[Cana o1
]

r e

whars
r * Reflictivity
E, = Snissive powsr at warslangth N - Btu/hr miercn
N\ = Wayslangth -~ miorens (/u)
T = Absoluts tamperaturs - OR
O @ Stafsn-Boltsmann scnstant = ,172 x 107 Btu/hr opt 2

The above equation may be modifisd for ccnvenisnce of calculaticn to

© 5
- p .'io QE_T? d().T) .

Values of -072-)‘{5 can te readily occmputsd from the Planckian distridution of

5

thermal ensrgy®, Humerical or mechanical intsgraticn of the preduct ™ =z
(o2

vs AT yislds the refisetizity at the temperaturs T. Thusly,

sTabulatsed values of this quantity ars to be publishad acon by R, V, Dunkla




5 =Y
x |a |axles | PTS A AT | n-r
2,00 | 1040 [49.6] o© 0 8.75] 4550 | 13.6
2,254 117C } 40,3 .C01 0041 9.00 4630 | 16.4
2,501 1300 34,6 .005 ,00173 9.251 4310 13.5
2,75 1430 | 35.1] .0ls4| .cce8 9.50 4940 11,7
3.cof1ss0| 7.9 .05 | .oc40 9.75 5070 10.7
3.25[1690 {10.4| .12 [ ,0125 10.¢0| 52c0 9.5
3.50[1820 6.2 .21 | ,0130 10.25| 3330 8.2
3.75| 1950 [20,2] .42 | .ce4 10,50} 5460| 7.9
4.c0|2ce0 |30.7{ .12 | .221 ¢ 10.75[ 5350| 7.8
s.25[221033.2f 1.04 | 343 11.co{ 5720 7.8
4.50]2340 |20.3| 1,58 | .42 11.25] 5350| 7.5
4.75 | 2470 30,3 | 2,15 | .60 11.50f 5930| 7.6
s.co|2sc0 [47.7] 2,75 | 131 11.75] s1l0f 7.5
5.25 {2730 [ 48.2] 3.52 | 1.655 12.c0| 6240 7,0
5.50 | 2360 [ 38,3 4.20 | 1.620 12.25| €370 6.8
575 [ 2500 | 5.8] 5.07 | 294 12.50) 650} 6.2
§.00 3120 6.3 5.73 | .38k 12.75] 6830 6.1
§.25 3250 | 6.8 6.57 | 433 13.00{ 6750} 8,1
§.50 3320 [ 12,3 ] 7,38 | .sce 13.25) 6850 5.8
§.75 | 3510 { 13.6] 8,12 | 1.0 13.50| 7020| 8,9
7.00]3340| 7.0} 8,78 | .613 18.75{ 7130 6,6
7.25 3770 [ 6.6 9.40 | .620 14.c0| 7230 0.2
7.50|33¢0 | 6.5{10.00 | .660 14.25( 7410{ 6.2
7.7514030| 6.5] 10,34 688 14,301 7340 6,7
8.c0f4160} 35.3|11.C0 584 14,751 7670} 3,8
8,25 | 42¢C | S.4f 11.38 613 15,401 73C0 7 10,6
T30 14280 9.t} iLLTe 1.1¢




- 72.

Porforning the above intogration, gives a value of

18

ry, _F”‘__. a(AT) ~ 0,057
2/u o0
The ensrgy remalning from ls/u to o is approximately 47 percent and as ar;
approximaticn the reflsctivity fren 15/.1 to @ may ba aasumed to be 0,10,

This yields a value of r = 0.104,

15
EX t }
I ™ 53 a(T) 0.057
2p

[++]
EX E ] -
.II —C_ng(u) (.1)(.47) = 0.047
15/u

r = 0,104

As noted in the bedy of the rapor:, Ssotion I-A, a KBr prism will be
availadbls soon, This will pérmit measuraments to be mads to 25/u which will

reduce the error of the approximation, The -snerzy remaining in the regicn

25 m o o will be only 18 percent at 60°F.
Tha miss;vity or absorptivity of the surface is equal to 1 - r, that is -
e = 0.856, ) ‘
B, Solar Absorptivity of Flat Whits Paint
The caleculation is parforzed in a similar manner as that abeve

o0
i n G
g=l-r »1 .2

0
[ond)‘

whors
a = Absorptivity

G = Irrediation - Btu/brrt?




734~
The 9roctral distribution of solar enerpy is available from sevaral
roferonces. The tables given in "Illuminotion Enpineering” by Moon wero

used in tho following calculation,

A N7 A 9 A n1 G &
0.4 146.0 0750 |.0345 1,25 |.61.7 |.c416 |.c256
0.5 83.04.1463 11,1215 1.50)53.3 {.0268 |.0148
0.6 |88.5.1382 |.1220 1.75 | 51.2 |.0196 |.01c0
0.7 |93.0].2250 |.1182 2,00 | 49.6 [.0124 |.0062
0.8 |92.7].0960 |.089 2.25 T40.5 |.0ce4 |.0023
0.9 |s3.0l.0752 {.070

1,00 | 92,0 |,0635 |.0534

The caloulation ylalds

r ~ 0,79

or
l-r=qg=0,204
The spectral reflsctivity betwsen 0.4 and l.O/u was obtained with a
G, E, Recording Spectgopé;ﬁéneter; The discrspancy at A * l.O/u betwesn
the data used in the above calculation and that shown in Figura'I-A-?Z is
- dus to the differsnces in thickness of the two samplas measured. Two
differant samples were required for the differsnt methcds of measursment,
The value used was chosen as the more representative in the region of high
solar energy since the solar snergy distribution ourve is dacrsasing rapidiy
bevond 1,0 merons.
Acknowledsreraat - ine -reparaticn cf teis report has teea greatly facili-
taead by (¥ra.) Uemna £vans becausa of iwr assistance and suppostions in

t:pins, errarmomenss aat 2% aably,




